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ABSTRACT 

The study investigated the possibility of producing Iron oxide based arc welding electrodes flux using mill 

scales from Katsina Rolling Mill. The mill scales were collected, prepared and analyzed; using the Oxford 800 

X supreme XRF machine. The report of the analysis shows the presence of predominantly Iron oxide which is an 

important constituent in electrode coating. Two level multivariate resolution Hadamard Matrix Design Model 

was adopted in the formulation of the flux. The model was used to generate twelve different flux composition 

mixtures but the first four were chosen to produce the electrodes. The weldments from these samples were 

subjected to tensile, hardness and impact tests. It was observed that the weldment from one of the produced 

electrode could withstand a tensile strength of up to 453N/mm
2
.The Rockwell hardness test value on one of the 

samples gave an average value of 46.6 kgf. The maximum impact energy was also found to be 94.9 J on the 

sample welded with electrode type D. 

Keywords: Electrode; Weldment; Mould; Impact; Hardness. 

 

1.0 INTRODUCTION 

 

Welding is a production or a fabrication process of 

joining two or more materials together, usually 

metals or thermoplastics to achieve coalescence. 

Welding is performed by the application of heat and 

pressure to melt the work pieces together, often 

with the addition of filler material to form a pool of 

molten material, which forms the welded joint after 

solidification 

(www.metal_processing/welding.cfm). 

Welding processes are used to produce joints with 

properties similar to those of parent materials. 

Welding process, usually, involves raising the 

materials to elevated temperatures (Ibhadode, 

2001). There are three main components to create a 

weld. These components are: 

A heat source: These include electric arc, flame, 

pressure or friction. However, the most common 

heat source is the electric arc. 

Shielding: It is the use of gas or another substance 

to protect the weld from atmospheric 

contamination. 

Filler material: Is used in joining two pieces of 

materials together, usually metals. 

The objective of welding is to join pieces of metals 

together by means of suitable heat source 

(Lancaster, 1993). Advantages of welding as a 

joining process include high joint efficiency, simple 
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set up, flexibility and low fabrication cost 

(Armentani et al., 2007). 

The importation of electrodes has over the years 

undermined efforts in the search for local materials 

for the production of arc welding electrodes. 

Therefore, this research was conducted to 

investigate the feasibility of the production of arc 

welding electrodes using mill scales from Katsina 

Rolling Mill.  

Electrode is a specially prepared rod or wire that 

not only conducts electric current and sustains the 

arc, but also melts and supplies the filler metal to 

the joint; as in the case of a consumable electrode 

(Hwaiyu, 2004). In arc welding, an electrode is 

used to conduct current through a work piece to 

fuse two pieces of materials together. Depending 

upon the process, an electrode is either consumable 

as in the case of shielded metal arc welding or non-

consumable such as gas tungsten welding 

(www.lincolnelectric.com, 2006). 

Ugoamadi (2010) worked on the production of 

manual metal arc welding electrodes using local 

raw materials. In the research, several flux samples 

of local raw materials were collected, their 

chemical composition determined and the results 

utilized in producing manual arc welding 

electrodes.  

Nwigbo et al. (2012) formulated an arc welding 

flux with potassium enriched sodium silicate 

binder. In the research a new flux for metal arc 

welding was developed. Achebo (2009) researched 

into development of composition of aluminum 

welding fluxes using statistical method. The 

research describes the process of developing a 

model that relates the shear stresses in a gas welded 

aluminum alloy weldment with the corresponding 

flux constituent elements that make up the 

composition.  

Gaal Brian (2012) worked on nickel base shielded 

metal arc electrodes with varying core wire 

composition in which a coating formulation was 

developed. Achebo and Ibhadode (2008) developed 

a new flux for aluminum gas welding; a new flux 

on NaCl-CaCl2-CaF2-Na3AlF6 was developed for 

the gas welding of aluminum and its alloys. Achebo 

and Ibhadode (2009) worked on the development of 

several welding flux composition and came up with 

an optimum composition using the bending test 

technique. Adeyeye and Oyawale (2008) reported 

that the traditional welding flux development has 

been by cost, material, time and labour intensive 

experiments.  

In Nigeria, about nine-eight percent of 

manufacturers in the welding electrode industry 

have wound up, due to high production cost, the 

remaining two percent that manage to remain 

operational sell their coated electrode at exorbitant 

prices (Achebo and Dagwa, 2009). Consequently, 

there is need for importation of electrodes in to the 

country to augment for the shortage in the 

production of electrodes, as a result of this, a large 

chunk of foreign exchange is used in the 

importation of arc welding electrodes and as such, 

production of arc welding electrodes using mill 

scales will not only help in conserving foreign 

exchange, but also help in developing the 

technology especially as the availability of the 

locally produced electrodes has been on the decline 

in recent years. 
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2.0 MATERIALS AND METHODS 

 

2.1 Materials 

The materials and equipment used in the research 

includes: Mill scales, Sodium silicate, Calcium 

carbonate, Manganese dioxide, Silica, Calcium 

fluoride, Feldspar, Mild steel wire, X-ray 

florescence machine, Arc welding machine, Oven, 

Wooden mould, Sieve with 90 microns aperture, 

Hounsfield tensometer, Identec universal hardness 

testing machine, Photographic and visual 

metallurgical microscope, Pulverizer, procured 

electrodes and Izod impact testing machine. 

2.2 Methods 

The mill scale was collected and analyzed to 

determine the percentage composition of Iron 

Oxide present in it. The electrodes produced using 

the mill scales were used to weld different 

samples of mild steel and the mechanical 

properties such as tensile strength, hardness and 

impact were investigated and compared with the 

welds using electrodes obtained in the market 

(foreign electrode).  

The mechanical properties and performance of a 

weld metal depend upon the properties of the 

coatings which further depend upon the chemical 

composition of the flux. As a result of this several 

theories and models were used for the formulation 

and development of fluxes, which include the 

Hadamard Multivariate Analysis (Achebo and 

Ibhadode, 2008). The statistical model reported by 

(Achebo, 2009) which is based on expert 

evaluation method and the Taguchi method. In 

this research, a two level multivariate resolution 

Hadamard matrix design model was adopted in 

the formulation of flux. The model was used to 

generate twelve different flux composition 

mixtures as in Table 2. However of the twelve 

different composition mixture generated, the first 

four was chosen to produce electrodes which is 

recorded in Table 3. This design produces twelve 

flux compositions. Table 4 shows the composition 

ranges used in the entire experiment which is a 

guide or the control composition ranges used for 

the generation of the twelve flux composition. The 

composition ranges were based on previous work 

done by researchers in the formulation of flux 

composition mixture. The high value was taken to 

be positive (+) sign while the low value was 

attributed to be negative sign (-). 

 

Table 1: Hadamard Matrix Layout 

Trial 0 X1 X2 X3 X4 X5 X6 X7 

1 + + - - + + - + 

2 + + + - - - + + 

3 + + + + + - - - 

4 + - + + - + - + 

5 + + - + - + + - 

6 + - + - + + + - 

7 + - - + + - + + 

8 + - - - - - - - 

Source: Achebo and Ibhadode, 2008 

 

Table 2: The Twelve Newly Formulated Flux 

Composition in Percentage by Weight 

X1 X2 X3 X4 X5 X6 X7 

40 30 10 8 3 5 4 

35 30 15 8 5 3 4 

40 25 15 8 5 5 2 

40 25 13 10 5 3 4 

40 30 12 10 3 3 2 

35 30 13 10 5 5 2 

40 28 10 10 5 3 4 

40 27 15 10 3 3 2 

35 28 15 10 3 5 4 

37 30 15 10 3 3 2 

38 30 10 10 5 5 2 

38 25 15 10 3 5 4 
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Table 3: The Four Flux Composition Used in 

the Production of Electrodes. 

 

X1 X2 X3 X4 X5 X6 X7 

40 30 10 8 3 5 4 

35 30 15 8 5 3 4 

40 25 15 8 5 5 2 

40 25 13 10 5 3 4 

 

 

Table 4: Chemical Composition Ranges for the 

Developed Electrode Flux 

Constituent element Composition ranges 

Mill scales 35≤X1≤40 

Sodium silicate 25≤X2≤30 

Calcium carbonate 10≤X3≤15 

Manganese oxide 8≤X4≤10 

Calcium fluoride 3≤X5≤5 

Silica 3≤X6≤5 

Feldspar 2 ≤X7≤4 

 
Key: X1= Mill Scale; X2= Sodium Silicate; X3= 

Calcium Carbonate; X4=Manganese Dioxide; 

X5=Calcium Fluoride; X6=Silica; X7=Feldspar. 

 

2.2.1 Production Process: Each of these 

minerals, Mill scales, Sodium silicate, Calcium 

carbonate, Manganese dioxide, Silica, Calcium 

fluoride and Feldspar were sieved with a 90 

micron aperture sieve so as to ensure uniformity 

of size for all these minerals. Thereafter, minerals 

were weighed and mixed thoroughly for about 

fifteen minutes until a homogenous mixture was 

formed. A measured amount of sodium silicate 

which acts as the binder was added to the 

homogenous dry mixture and thoroughly mixed 

for another five minutes until a thick paste was 

formed. The thick paste that was formed was 

coated on a mild steel core wire of 2.4 mm 

diameter manually by means of a wooden split 

mould (Davies, 1972). The produced and the 

procured electrodes are shown in Plate 1. 

2.2.2 Mechanical Test: Mechanical test were 

conducted on weldments produced using the two 

electrodes. The weldments were machined for 

Tensile, hardness and impact test. The mechanical 

properties of the weld deposits were observed and 

recorded. 

 

 

Plate 1: Procured and produced electrodes 

 

Tensile Test: Tensile test is one of the most 

widely used of the mechanical test. The mild steel 

was cut into 100mm length from a round bar and 

was machined into a dumb-bell shape specimen. 

Five of the prepared samples were subjected to 

tensile test. Before then each of the samples was 

cut at the centre and chamfered on a lathe 

machine. Each of the four produced electrodes 

was used to weld the specimen at the point of cut 

and a procured electrode was used to carry out 

weld on the last specimen, thereafter all the 

specimen were subjected to tensile test. 

Hounsfield tensometer was used to perform the 

test.  

Hardness Test: Indentec universal hardness 

testing machine (Diamond Rockwell) type 8187.5 

LKV model B was used in obtaining the hardness 

value of each of the samples welded with the 
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produced electrodes and the sample welded with 

the procured electrode. Before subjecting these 

samples to hardness test, they were grinded and 

polished first. Minor load of 10 kgf and a Major 

load of 60 kgf were used and readings obtained 

directly from the machine. 

Impact Test: The reliability of a material can be 

determined, by measuring its resistance to fracture 

(Ives, 2001). Five samples of 5mm thickness, 

width 10mm and length 60mm were used for the 

impact test. These samples were cut into two 

halves and welded along the cut section using the 

produced electrodes and the foreign electrode. A 

V- notch of 1mm depth was made on the welded 

section and was tested for toughness using the 

Izod impact testing machine (the toughness of a 

material is the amount of energy a material can 

absorb before fracture) and the results obtained 

was recorded in joules. 

 

 

3.0 RESULTS AND DISCUSSION 

 

3.1 Results     

The following equations were used to calculate the 

values used in Table 6.  

𝑇𝑒𝑛𝑠𝑖𝑙𝑒 = 

 
Maximum  load  (N)

Cross  sectional  area  of  the  specimen   mm 2 
    …  (1) 

  

𝑆𝑡𝑟𝑎𝑖𝑛 =  
Change  in  length

Gauge  length
 … (2) 

𝑃𝑒𝑟𝑐𝑒𝑛𝑦𝑎𝑔𝑒 𝑒𝑙𝑜𝑛𝑔𝑎𝑡𝑖𝑜𝑛 = 

 
Change  in  length

Original  length  
 𝑥 100      … (3) 

 

 

 

 

Table 5: Elemental Composition of Mill Scales Using XRF Analysis 

 

Element MgO Al2O3 SiO2 P2O5 S03 Cl TiO2 Cr2O3 Mn2O3 Fe2O3 ZnO 

Conc. 

(wt %) 

0.217 4.178 12.512 0.191 0.341 0.116 0.09

1 

0.089 1.864 80.388 0.013 
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Table 3.2: Tensile Test Results 

 

                               Figure 1: Load versus extension for all the samples super imposed on each other. 

 

 

Figure 2: Bar chart of percentage elongation against the electrode type. 
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Electrode 

Type 

Input 

Voltage 

(volts) 

Current 

Settings 

(ampere) 

Tensile 

Strength 

(N/ mm
2)

 

Strain Percentage 

Elongation 

(%) 

Remark 

A 80 180 453.0 0.16 16 Fractured outside 

the weld 

B 80 180 413.1 0.08 8 Fractured at the 

weld 

C 80 180 434.2 0.12 12 Fractured at the 

weld 

D 80 180 344.2 0.04 4 Fractured at the 

weld 

Procured 80 180 468.3 0.22 22 Fractured outside 

the weld 
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Table 3.3: Hardness Test Carried Out on Some of the Prepared Samples 

 

Electrode Type Minor Load(kgf) Major Load(kgf) Hardness test value(kgf) 

A 10 60 46.6 

B 10 60 42.6 

C 10 60 44.7 

D 10 60 40.7 

Procured 10 60 47.8 

 

Table 3.4: Results of the Izod Impact test conducted 

 

Electrode Type Depthof 

Notch(mm) 

Thickness of 

sample (mm) 

Impact Energy 

(ftlb) 

Impact Energy(J) 

A 1 4.6 43.5 59.0 

B 1 4.3 64.0 86.8 

C 1 4.3 70.0 94.9 

D 1 4.2 44.4 60.2 

Procured 1 4.4 29.5 40.0 

 

 

3.2       Discussions 

The elemental composition of mill scales, using the 

modern Oxford 800 X Supreme XRF machine was 

presented in Table 3.1 and it could be observed that 

Si02, Al2O3 and Fe2O3 were found to be the major 

constituent elements, with Fe2O3 constituting more 

than 80% of the total constituent element and Fe2O3 

being an important constituent in electrode 

covering, therefore this suggests that Mill scales can 

be used in electrode production. Other elements 

such as Mn2O3, P2O5, and MgO were also found to 

be present in traces. 

Table 3.2 shows the results of the tensile test 

conducted on some welded specimen using the 

produced electrodes and the procured electrode 

under the same welding condition. It could be 

observed that all the produced electrodes with the 

exception of electrode type D compete well with the 

procured electrode. The welded specimen using 

electrode type A produced the highest tensile 

strength as the welded joint shows it could 

withstand a tensile strength up to 453.0 N/mm
2
. The 

produced electrodes did not only give a clean and 

sound weld but the welded joint produced by these 

electrodes is also defects free. The little difference 

in the tensile strength of the weld produced by the 

procured electrode and the produced electrodes can 

be attributed to the production process adopted; 

meanwhile the difference in the tensile strength of 

the four produced electrodes must have been due to 

variation in the process parameters. 

Figure 1 is the graph of load against extension for 

the entire specimen welded with the produced 
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electrodes and the procured (foreign) electrode 

super-imposed on each other. It could be observed 

that the sample welded with the procured electrode 

gave the highest yield strength with the highest 

extension, followed by the sample welded with 

electrode type A. The sample welded with electrode 

type D produced the lowest yield strength with the 

lowest extension. It shows that the sample welded 

with electrode sample D produced the joint that is 

least ductile when compared to other samples. 

Figure 2 shows the bar chart of percentage 

elongation against electrode type, the procured 

(foreign) electrode produced the joint with the 

highest percentage elongation while the welded 

joint produced by electrode type D gave the lowest 

percentage elongation as evident in the chart. 

From table 3.3 above it could be observed that the 

procured electrode produced the highest average 

value of hardness. A similar trend was observed in 

the result of the hardness test conducted in relation 

to tensile test result earlier reported.  

Table 3.4 shows the results of the impact test 

conducted on some welded specimen using the 

produced electrodes and the procured electrode. The 

test was carried out using the Izod impact testing 

machine, it could be observed that the specimen 

welded with electrode type D, produced the highest 

impact energy while the procured electrode gave the 

lowest impact energy as a result of this it can be 

deduced from this results that as the hardness 

properties of the samples welded with the produced 

electrodes and the procured electrode increases, the 

impact energy decreases. In other words it could be 

said that hardness properties vary inversely 

proportional to impact energy, that is the harder the 

joint the less tough it will be. 

The results obtained from the various test revealed 

that the produced electrodes compared well with the 

commercial electrodes. 

 

4. CONCLUSION 

 

Iron oxide based arc welding electrodes were 

produced using mill scales (an industrial waste). 

The produced electrodes were used in welding, and 

the mechanical properties of the welded joints were 

studied and compared to similar electrodes obtained 

in the market and the following conclusions were 

drawn. 

i. The mill scales shows the presence of 

predominantly Iron oxide. It is one of the important 

constituents of coating on mild steel arc welding 

electrodes, therefore it can be concluded that mill 

scales can be used in the production of Iron oxide 

electrodes such as E6020, E6027 etc. 

ii. The production of arc welding electrodes in 

large quantity using mill scales, will no doubt, 

reduce the dependence on the importation of both 

raw materials and the finished products used in its 

manufacture. 

iii. It is an established fact that the mechanical 

properties and performance of an electrode depends 

on the coating formulation, as a result of this a new 

flux composition was generated by the application 

of Hadamard multivariate chemical composition 

model. It was observed that the newly formulated 

flux produced a good fusion and we can also 

conclude that the newly formulated flux did not 

only perform well, but also did not produce any 

weld defect, such as gas porosity and slag inclusion 

etc. 

iv. It can also be concluded that, different 

types of electrodes can be produced as evident in 
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the four types of electrodes produced, by varying 

the flux composition. 

v. The procured electrode gives the best 

performance in terms of strength and visual 

appearance of the welded specimen. 
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